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(54) PRODUCTION OF MONOSACCHARIDES AND A CELLULOSIC-RICH 
rKv^i^uv-iiv^ MATERIAL FROM STRAW 

We, GEORG_E__NLCqLAS ^VAUCANA^^^^^^^ Street. 

ssion, 

AmaiQussion, 



^71^ We GEORGE NICOLAS VALKANAS of 14 Constantinopoleos Street 
Am^u^oi ofeece DEMETRU GEORGE ECONOMIDIS of 7 Agiouthoma Street 
<^ AS^SS'oSce^ and EMMANUEL GEORGE KOUKIOS of 14 Ihs.on Street 
5S^^r^'ceTall Greek citizens, do hereby declare the invention for which we pray that 
5i a ^t^ntmSbi granted to us. and the method by which it is to be performed, to be 5 
^ .oarticulariv described in and by the following statement: . t u i ^■ 

f^^^^vc^^r^Mcs to a new method for the profitable utilisation of eel ulosic 
aaSt^KproducK It refers particularly to a new method for the profitable utilisation 
to produce useful products such as pulp, cellulose of desirable punty and 
la . Sr^Ub^S sugaS. The present invention relates especially to a process fo|- Produ^mg the 10 
• oeUuS product (pulp or pure cellulose) and the fermentable sugars simultaneously, that 
b h^mSfro'n each part of the raw material a product of optimal q^ahty and y^ld 
fhS ^Tutflisation of straw is substantial and much needed materials are produced such 
^i^Slpfor making paper, grades of cellulose and fermentable sugars sui able for use m the 
l#*^vItiOT of mSes for the production of single cell proteins for cattle feed and human 
S? Thrp?«rnUnvrntion ap^ from its technological value has considerable economic 
Td sodJs^portance, sinc^ about 60 - 70% by weight, of the annually produced 

^tiaSl 'n^^ot^e^''^SiriUl^9^^^^ the cellulo^ is of the ^^P-hich - 
20 be used in several industrial applications (for example for 'he production of chemical pu^^^^ 

and according to the present process can be obtained in a high yield and .P""ty or in the 

^nn of widely used industrial products together with the other o^'^L^Sf^^ f couia 

' contains. If the present process was used on a wide scale. agncuUural by-products could 

become a more important source of valuable materials. • „^i„^j„c a„H ^ 25 

25 The present invention relates to a process for the production monosacchandes and a 

cellulosic-rich material which comprises subjecting straw for 10 - 180 minutes ^ a selective 
Jj. prehydrolysis treatment in the presence of one or more aad catajflst at a temperature ot 
^ fcom 100 to 160°C under pressure until the easily hydrolysable constituents of the straw such 

as pentosans, starch and hemicelluloses are converted substantially mto monosacchandes in 
30 a joeld representing 15 - 23% by weight of the straw, and until a «sidue nch in ccjl^^^^^^^ J" 

obtained m a yield representing 68 - 76 % by weight of the straw, said residue being suitable 

for processing to chemical pulp and to pure cellulose. . ^ . . . 

All the percentage figures given herein are used on a weight basis, unless otherwise 

35 - '^C^e^ straws form a main pan of the annually produced agricultural by-products, being 35 
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produced in approximately twice the quantity by weight, of cereal grains. Ot main interest, 
tor use on this present invention, and for other reasons which will become evident below, 
are varieties of straw from wheat, barley and rice which have the composition shown in the 
following table. 

TABLE 



10 



Average Composition 
of straw, % (w/w) 



Pentosans 
Hemicelluloses 
Alpha-Cellulose 
Lignin 
15 Ash 



Wheat 

22 - 25 
19 

38 - 41 
15 - 17 
6 . 7 



Barley 

25 . 27 
15 

40 - 41 
17 - 18 
3 " 5 



Rice 

23 - 26 

42 - 44 
12 - 14 
14 . 16 



Alfalfa or rice straw are particularly suitable for use in the present invention. 
According to the present process, the pentosans in the straw are subjected to a partial or 
complete hydrolysis, in such a way, that the hydrolysis product essentially consists of pure 

20 monosaccharides and of a solid residue which is suitable for the production of high guality 
chemical pulp or cellulose of high grades. The partial hydrolysis, being combined with the 
production of chemical pulp, has to satisfy several requirements. The cellulosic hydrolysis 
product should comprise a pulp of high quahty suitable for use in the paper industry, and 
this, which is well known to the specialists in the field, depends on many, mostly 

25 controversial, factors. Thus, the quality of pulp basically depends on the structure of the 
cellulosic fibres but also on the presence of hemicelluloses which substantially improve the 
pulping properties. In the case of pulp from straw, the presence of hemicelluloses is also of 
fundamental importance for preserving the strticture of the fibres ance the hemicelluloses 
contribute to the protection of the fibres from the' chemicals generally used in pulping. It is 

30 known that straw fibres are rather short, having a mean length of 1-1.5 mm compared to a 
mean length of 4-5 nun for wood fibres. On the other hand, straw fibres show better 
orientation and cohesion, qualities which, in the presence of hemicelluloses, compensate 
for the shortness deficiency and therefore a pulp of high quality can be produced. 
In one embodiment of the process according to the present invention, the cellulosic 

35 residue has a content of 52-58%, by weight, alpha-cellulose and the add catalyst is an 
inorganic or organic add. 

The cereal straws are known to be rich in pentosans which, if they remain in the final 
pulp, adversely affect its quality. Thus, the pentosans should be removed before pulping 
But at the same time ensuring the cellulosic residue is of the desired quality, as indicated 

40 above. Additionally, the pentosans should be quantitatively hydrolysed to monosaccharides 
which are sufficiently free from inhibiting compounds so as to be suitable for fermentation 
processes. According to the above the hydrolysis treatment should be selective in that the 
easily hydrolysable constituents of the straw are converted mainly into monosaccharides. 
This is one of the fundamental features of the present invention. The concentration of the 

45 add catalyst is kept low and the temperature selected so that the hydrolysis treatment is for 
10 - 180 minutes. Suitable catalysts are strong inorganic and organic acids fur example, 
sulphuric acid (H-.SO4), hydrochloric add (HCl), nitric add (HNO:»), perchloric add 
(HCI04), phosphoric add (H^POa), sulphurous acid, chloroacetic acid (CICH^COOH), 
p-toluene sulphonic acid (P-CH3-C6H4-SO3H), of the above catalysts, HCl, H3PO4 and 

50 HNO3 and mixtures thereof give better results as regards the quality of the hydrolysis sugars 
obtained. Phosphoric acid is a nutrient in the fermentation of sugars while nitric acid is 
useful because during fermentation it is converted to a nitrogeneous nutritive salt and 
because when it is used as a catalyst, partial oxidation of sugars and lignin occurs, the traces 
of partial oxidation products formed being useful in the fermentation process. The 

55 concentration of the acid cataysts is kept between 0.1 - 1 % by weight based on the total 
add solution used and the temperature between 100 - 160°C preferably between 130 - 
15(rC. 

The acids used as catalysts in the prehydrolysis behave as usually happens in these types 
of reactions, according to their molarity 'and not to their normality. If the action of Htl is 

60 compared with that of H2SO4 (and also with other acids having a higher molecular weight), 
it can be seen that smaller amounts of HCl are required to produce the same effect, 
Funhermore, it is more preferable to have chlorides than sulphates in the sugar solution ' 
during its subsequent fermentation. The yield of the proteinic mass produced from the 
microbial growth when the yeast Candida utilis for example, is used, amounts to 60 - 65 

65 by weight based on the sugars consumed in the substrate. The highest yields are obtained 
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wfaen one of the acids HCI or HNO, or H3OP4 is used as a catalyst m prehydrolysis. 
aUsing the present process, not only are fermentable sugars produced but also a cellulosic 
n&due of high quality. Thus, the present process is continuous and bi-direcuonal in that 
, mo distinct aerations, which were previously considered to be contradictory (namely the 
Si^'Soduction offermentable sugars and the produaion of chemical pulp) may be efficiently 5 
«iSed out. Since both these products are economically imponant the fact that the process 
-is bi-diiectional is very important. Paper pulp of high quality can be produced using as raw 
material the cellulosic residues from hydrolytic preucaiments. which have already 
oroduced 15 to 23 % by weight based on the initial straw of monosacchandes. Since these 
MMWr solutions are also useful products the maximum possible sugar yield should be 10 
oilferred each time. Other factors which influence the hydrolysis are the temperature and 
file pressure at which the process occurs. Hydrolysis treatment at a temperature between 
120 - 140°C is completed in a short time of 10 - 60 minutes and because of that and the 
treatment under pressure, the structures of the cellulosic fibres and of the hemicclluloses 
are preserved. The yields of sugars after the hydrolysis treatment as above are mdependent 15 

tfee processing temperature fand are as foUows: xylose 67 - 75 % arabmose 10-18 %, 
manned 1.2 - 5 %, glucose 5 - 12 % and galactose 2-4% all the pcrecntagcs bemg by 
weinht. This sugar mixture is a very suitable nutrient for microbes used for the production 
of OTOtein feeds, the monosaccharides apart from arabinose. being completely consumed. 
Arabinose is exceptional because although it resists fermentanon, it does not act in aiiy way 2U 
as an inhibitor. Under the above conditions, some furfural is produced together with the 
sugars in a concentration of 0.02 - 0.25 g/lit in the final sugar solution. The above 
monosaccharides are the complete hydrolysis produrts of the i^ntosans and to a small 
extent the hydrolysis products of hemicclluloses. After this the cellulosic residue for 
piping has the composition: alpha-cellulose 52 %. lignin 23 %. hemicelluloses 12 %. 25.. 
extractives and ash 13 %. all the percentages being by weight. . . 

We have also discovered that the cellulosic residue can be successfully used, under 
specified conditions, in the production of chemical pulp. In particularly, wc have developed 
' riiethods for the production of all basic commerical types of pulp, that is kraft sulphite, and 
30 ■ modified kraft which are charaaerised by high mechanical strength suitability in paper 3Q- 
making and compatibility in paper making with the same or different types of wood pulp. 
Other methods are substantially different from the processing and the technology used m 
Duhj orodurtion from wood, and according to our knowledge, they have not been used 
before in that form or in such a relation for the production of pulp from this special quality 
3S ■ of prehydrolysed straw. The prehydrolysed straw, which is the starting material for pulp 35 
production according to the present invention, as stated before, is an enurely different 
material to wood and a substantially different material to straw, and to some types of straw, 
subjected to ore-treatment of a hydrolytic charaaer before the production of rayon viscose, 
or low quahty paper, according to the literature. ■ • . An 

40 . In our new starting material the cellulose fibres are kept in their natural .state without 40 
?■ .framtentation of the cellulose molecules and disturbances m the orientation of the fibres, 
^us. the present invention also relates to a process for the production of chemical pulp 
wherein the cellulosic residue of the straw prehydrolysis in which the yield of sugars was 17 - 
■ 20 % by weight, is treated with an alkaline solution of sulfite sails, and then heated witmn 
45 two hours up to 150 - 160°C and maintained at that temperature for 5 - 6 hours. 45 
The alkaline solution of sulphite salts preferably contains 255 kg Na,SO? and 85 kg 
NaOH per ton of dry pulp. , . , , „ , , - 

The present invention also relates to a process for the production of kratt pulp wherein 
" the cellulosic residue of the straw prehydrolysis in which the yield of sugars was 15 - 19 % by 
58 weight is treated with a kraft pulping solution containing Na^S and NaOH and with a 3U 
pulping solution in which Na-,S and NaOH are partially replaced by Na^.SO., and then 
heated up to 150 - 160°C and maintained at that temperature for 4 - 6 hours. 
The kraft pulping solution preferably contains 125 kg .Na^S and 260 kg NaOH per ton ol 

55^ ' *]preferably, the pulping chemicals Na,S and NaOH arc partially replaced bv Na,SO., in a 55 
quantity of 0.1 - 30 % by weight. Our prehvdrolvsis treatment is very successful in that the 
prehydrolysed product has a degree of polymcrisaiion similar to that of the starting straw of 
. 800 - 820 glucose unit.s compared with a degree of polymerisation ofSOO - 600 glucose units 
m obtained when a non selective straw hydrolysis treaimeni is ascd. The cellulose and lignm 
d(ki- contents are substantially higher, amounting to 50 - 54 % and 22 - 24 % by weight 60 
^ respectively, while other constituents such as hemicclluloses are present in about normal 
■ amounts. Thus, in pulp production conditions are required which preserve the qua ities and 
the quantities of alpha-cellulose and hemicclluloses. The prior art methods of PulP'"g are 
therefore not suitable for use in the present case in the form they are used for wood but. as 
tiS shown in the examples of this invention can be substantially revused. A high quality paper 65 
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pulp can be produced according to the kraft method from a preliydrolyisis residue after only 
comparatively mild hydroiytic treatment of straw, that is. after the production of no more 
than 15 - 18 % by weight of monosaccharides, based on the straw. This is the result of the 
high penetration efficiency of the chemicals used in this method, together with the absence 
5 of a great part of the hemicelluloses from the cell walls. On the other hand, paper pulp, of 5 
exceptional quality can be produced from prehydrolysis residues according to the sulpite 
and modified kraft (Example 12) methods, after a stronger hydroiytic treatment of straw, 
wherein upto 20 % of monosaccharides by weight of the straw, have been produced. 
This difference can be explained on the basis of the greater selectivity of delignification 

10 presented by the latter two methods. 10 
Hie present invention also relates to a process for the production of pulp from our 
prehydrolysed straw, using a chlorine method which is entirely different from the other 
chlorine methods for pulping and for the well-known 'TOMILIC method for the 
production of pulp from straw. According to the present method, the chlorine treatment is 

IS subsequent to the useful acidic prehydrolysis and does not require an alkali wash in 15 
between. Thus, the present chlorine method has fewer steps of treatment and in spite of the 
very simplified procedure gives impressive results in yield and quality of pulp. The 
prehydrolysed straw obtained (that is, the residue of a hydroiytic treatment' where by 15-23 
% monosacchrides (by weight of the straw were produced) after pressing and draining off of 

20 the sugar solution, with moisture between 60 - 100 % of dry matter, is directly subjected to 20 
chlorine treatment with chlorine gas. The chlorine is absorbed readily in quantities between 
18 % and 23 %, by weight, of the prehydrolysed straw in a reaction which, although 
exothermic, is readily controlled of a temperature between 30* and 40 *C. 

The absorption of chlorine leads to the formation of pink colored chlorolignins, the 

25 coloration of which at the end of the reaction is spread homogeneously all over the 25 
chlorinated mass. The development, thus, of the pink coloration can be used to follow the 
chlorination procedure. Another significant advantage of using this method of pulping 
prehydrolysed straw, is that even after a prehydrolysis producing 20 - 23 % monosacchar- 
ides by weight of the initial straw, (that is, a yield not permissible when using conventional 

30 methods of pulping) the residue can be easily chlorinated and gives a pulp of exceptional 30 
quality. 

Delignification by chlorine is very effective and as it was developed by Pomiiio and 
others, a special method for the pulping of straw. These chlorine pulping methods, 
however, are impaired by the liberation of substantial quantities of hydrochloric acid which 

35 makes the processing acidic in nature, in which the hydrophobic straw is much more 35 
resistant and can stand these conditions better than the prehydrolysed straw. The present 
case, therefore, requires different utilisation of the chlorine reagent for selective 
delignification without damaging the structure of the fibre and the hemicelluloses. After 
extensive studies on existing possibilities procedures of treatment, we were successful in 

40 developing a special method and conditions of processing satisfying ail the above 40 
requirements. C5ur special method consists of introducing the chlorine into horizontal 
slowly rotating reactors or vertical slowly stirred reactors containing the residue from a 
straw' prehydrolysis, as described before, having produced 15 - 23 % and preferably 20-23 
% monosaccharides by weight of straw until up to 20 % by weight of chlorine, based on the 

45 prehydrolysis residue' treafed is absorbed. The product is then washed with water and 45 
alkaline solution until neutral. Generally, to obtain a pulp of improved quality, the residue 
from straw prehydrolysis is washed with a 1 - 3 solution of NaOH before pulping. 

After obtaining a satisfactory and uniform chlorination, the processed mass may be 
washed successively with water, 2 9^ sodium hydroxide solution and again water. 

50 Generally, the chlorination lasts 30 - 60 minutes and the subsequent washing should 50 
preferably be fast, using large volumes of water. The residue from the straw prehydrolysis 
may be iiitroduccd into'' the chlorination reactors in the form of a compressed hydrophilic 
mass and does not require a prewashing with dilute sodium hydroxide as in industrial 
practice for straw when the Pomiiio process is used. The yield in dry pulp is between 50-51 

55 % based on the initial straw. 55 
Although it is preferred to use horizontal or venical reactors for chlorine delignification it 
is also possible to use chlorination towers in which the chlorine gas pas.ses in a direction 
counter-current to that of the moist residue from the straw prehydrolysis which is 
introduced at the top of the reactor. We have calculated that the time required for the 

60 prehydrolysed straw to fall from the top to the bottom (i.e. the time of straw-chlorine 60 
contact) should be reduced considerably with respect to that required using the known 
towers used in the Pomiiio process. On the other hand, the introduction of chlorine needs 
special care and dilution with air. in the line of such improvements the pulp obtained is 
satisfactory both in quality and yield. 

65 The types of pulp produced in accordance with the above treatment show satisfactory' 65 
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mechanical and paper making properties compared with the best such qualities produced 
fr5?wS.Tn ffion, higSWmr pulps are op^ined wh.ch ma^^^^^^^ 
«Lium hypochlorite in a mild treatment resultmg m a weight loss of only 2-3 /b by weight 
T^^v bTcomoared with losses of 6 - 10 % by weight for Pomilio straw pulp and -8 % 
5- by^S for puFp^om wood. Thus, the yield in pulp improves favorably between smiw 
' hXolwe<5 stfaw In the following Table are given certain results after testing the paper 
^7 cSScl and the mlchanical properties of the pulps obtained from 

SZ^TnA^oulcO^cal success but also substantially decreases 
ll^^..th^^^proSn'This is 4cause bo* Te^entaWe sugais.^^^^^^^ 

^ suitable for chemical pulp formation are produced, and furthermore, there is a reducuon m 
the industrial installations required. 

TABLE 

: 15 
^ p2i^„. Kraft Alkaline Chlorine 

ffira Sulphhe 

Freeness in Schopper- 40 60 40 60 ^ 20 

niSli^i'lSUm) 6500 eOCK, 7300 6900 8000 

■:■ Burst factor 4" ^° 7? aq 7^ 45 

2^, (No. of double folds) 

The oroduction of pulp from wood or straw, because of the starting material used and the 
vohSe S the wastes produced generally, requires large industrial insiallations. which arc 
-SSve %dWonafiv in most countries.^ it is necessary to use installations for the 
eaqpw^ye. Aaaiiio^^ wastes produced and for recycline of cooling and processing 30 

S^^'^SsutetS^ 

Bv using the process of the present invention, there are not such pressing problems The 
" inS^tri^ wSe formed from both lines of processing, that is the hydrolysis and pulping 
tar^ounmo about 30 % of the organic matter. Using the pnor art processes, however 
^,\M^^nf tYlori^K matter is lost as waste. In addition to this, the organic wastes 
jSSc?d?y?Jifme°tKomai"«) - 70 % lignin that is they have a high ther^a value so 
Sat bv condensing to 50 % solids, they bum easily in ordinary inanerators. In our chlonne 
mtfi SiSbe easily precipitated by acidification from the waste liquors of the alkali 
SSaSon foltowing chlonnation The vield of the lignin is about 80 % by weight of the 
SSl v^^eld and the ligni is suitable for a variety of u.scs according to known methods. 40 
tbS l^c^dkaccZh L present invention relating to the utilisation of straw, there is 
obtSned a succe^ful separation of monosaccharides from the pentosans, the pulp and the 
Th J ^raw uti^^^^^^ can be optimised whilst overall pol^lution majf be decreased. 
Ark sD^cified by using the present invention, the basic machinery required for pulping 
4S, is ^Ibstantiri i reduced since the starting material is condensed by 25 - 30 % and the time 45 
fofmScessSg redu^^^^^ 35 - 40 %. ThGs. the industrial installations required are reduced 
■ S vXmf^f about 50 4 as compared with those needed for the previously i^edwwd 
^uSg methods. In addition, water can be significantly economised because the effluents 
Sf t>ie si^ar fermentation plam contain I - 3 9^ of organic matter which is an acceptable 
50 puS; fof utiSg tS e^uents in pulp washings One of the -^vantages of the pr^^^^^^ 50 
Invention in the utilisation of cereal siraws is the reduced cost of processing and the reduced 
cost of the installations themselves. ■ „ u innried hv a 

The prehydrolysis treatment may be carried out in a vertical reactor which « 'oaded 0^ ^ 
known method for example, the procedure of loading wood for pulping. Alternatively 
55 hSnSf reaaoS may be'^used thr^ough which is.passed a line of '"f,-^'^ -"'^^^^^^^^ 

loading and unloading the reactor is a fast operauon hence enabling the reactor to be used 
more Efficiently. Affer the prehydrolysis treatment, the P^bydrolysed straw m^^^^ be 
brought into a tank to drain the sugar solution and '^then placed n another l^^^^^ 
washed with water. This is usually followed by compressing at a pressure of 20 - 30 atm from 
60 which the prehvdrolysed straw is obtained advantageously m bales having a retained 
moismre content of 4^ - 50 % by weight. The compressed product may be dijccdy milled 
for pulping. In the case of chlorine pulping an alkali wash "^th I to 3 Co NaOH solution 
before pressing may sometimes be advantageous for improving the colour of the finished 

65 ^"inone embodiment ot the process according to the present invention, the celluiosic 65 
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residue, after the prehydrolysis treatment is washed with water and/or with a 1 - 3 % by 
weight sodium hydroxide solution and thereafter is compressed to a product having a 
moisture content of 40 - 50 % by weight. The solution obtained after hydrolysis, the 
washing soludon and the solution obtained after compression may then be mixed to form a 
5 solution having a concentration of 1.2 - 5 % by weight in sugars which after adjusting to the 5 
original catalytic strength is recycled as a whole or partly as hydrolysis solution until a final 
concentration of 6 - 8 % by weight in sugars, is obtained and 90 - 95 % of the sugars in the 
final concentrated solution are monosaccharides. 

In the hydrolysis procedure water is used in a quantity of 5 - 8 times the weight of the 

10 straw. A yield of from 15 to 23 % , of sugars are obtained from the hydrolysis which after the 10 
necessary washing of the cellulosic residue make solutions containing some 1 .2 - 5 % sugars. 
If the sugars are to be used for fermentation purposes, higher sugar concentrations 
(between 4 - 6%) are desirable. We have found that the sugar solutions can be recycled to 
concentrations of 6 - 8 % by weight without any significant losses in sugars or destruction of 

15 the sugar composition. " 15 

In the prehydrolysis installations, all surfaces contacting the sugar solution should be 
resistant to the acidity of the solutions because metallic impurities such as Fe. Ni. Co, and 
Mn, when in solution inhibit fermentation of the sugar used as a substrate by microbes for 
producing single cell proteins. All metallic surfaces in contact with the solution must 

20 therefore be covered or lined with ceramics or with a plastics material suitable for the 20 
purpose. 

In a pardy different adaptation of the prehydrolysis procedure, the cellulosic residue, 
after processing in batch reactors, is pressed to produce a sugar solution of high sugar 
concentration (up to 5 by weight). The pressed mass is subsequently washed with hot 
25 water and the new resulting dilute sugar solution, obtained after pressing, is recycled as the 25 
process solution. Using such a sequence, production of a concentrated solution of sugars is 
possible. 

Under stronger conditions of temperature or time of processing, the hydrolysis of straw 
proceeds to a^ higher degree which is charaacristic and at wliich the reducing sugars 

30 produced amount to 29 - 31 of straw weight. The cellulosic residues after this severe 30 
hydrolysis show a certain resistance to further hydrolysis and appear to have attained a 
stable structure which on analysis was found to have the composition: alpha-ccllulosc 57 %, 
hemicelluloses 10 %. lignin 22 %. other constituents 11%. The sugar solution obtained had 
the composition : xylose 70.3 %. mannose 2.1 %, ribose 1,4 %, arabinose 17.6 %, glucose 

35 6.8 % and galactose 1.8 % and it was especially suitable as a fermentation substrate for 35 
microbes for producing proteins. The cellulosic residue thus obtained is not very suitable 
for processing alone to pulp of good paper making charactcristsics. Using mixtures, 
however, of that pulp with mechanical wood pulp 50 : 50 (w/w) products having excellent 
paper making properties are obtained. On the other hand, this pulp prepared under 

40 selective conditions, may have a high alpha-cellulose content, that is 95 - % % by weight 40 
which makes its quality very suitable for the production of rayon, of Cellophane 
(''Cellophane'* is a Registered Trade Mark) and substi luted cellulose products. 

According to the present method, the end products obtained are pulp and microbe 
cultures (produced using the sugar solution as a substrate) in approximate yields of 43-51 

45 % and 18 % respectively both of which are known to be basic market products of high value 45 
and which represent a utilisation of straw of 59 - 69 % by weight. This utilisation of straw is 
higher than could be obtained by other previously known methods. If lignin is also 
considered, the maximum total yield of useful products is 85 % by weight, based on the 
initial dry straw. 

50 The invention is illustrated by the following Examples, in all of which the prehydrolysis 50 
treatment time was from 10 to 180 minutes. 

Example I 

Prehydrolysis of wheat straw was carried out in an apparatus, lined internally with Teflon 
55 ("Teflon" is a Registered Trade Mark) the apparatus being capable of working under 55 
pressure and being equipped with recording instruments for temperature and pressure. The 
apparatus consisted of a 5 lit reactor, a preheating unit used to heat up the process water 
solution, and following the reactor, a pressure and flow regulating valve system and a 
graphite heat exchanger. The following methods were used: 
60 a) 0.8 kg of dry .straw was introduced into a cage of Teflon in the reactor. Through this 60 
were introduced 10 lit of 0.3 % aqueous HCl, under a pressure of 5 - 5.5 atm. at a 
temperature of 145^ and at a flow rate of 0.55 litres/minute. The reactor was then purged 
with dry steam (i.e. supersaturated vapour was used to purge the material) filled with hot 
water at a temperature of 120 - 130^0 and purged again with dry steam. After that, the 
65 residue was taken out and pressed at 25 ke/cm- to form a product having a moisture content 65 
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«#45 - 50 % bv weieht From the apparatus and the press were collected a loial of 13.4 litres 
SluSn cSSSTg 1 i % by w^^ht reducing sugars, equal to a y.c»d of 23 % by weight 
S the straw, the solution obtained had the composition : „74 \% mannose X 

11 R % elucose 5 9 % galactose 2.9 % and furfural 0.16 g/lit. The celiuiosic 
^Su^had a d^ SSt of 0.5^ kg. that is a vield of 68.2 % by weight and had the 5 
fouS^g ««ltx^itionT^^ 53.1 % hemicelluloses 12^6 % hgnm 22.1 % ash 

i:^r^-«^r7iM«i 19 ■> 4 and a deeree of polvmerisation of 805 glucose units. 
?^SVkT^fdSltraw-w^ 'placed tnT^eVactor of the apparatus an^ b. , 
hirHroWsis treatment as described above, using a solution containing 0.3 % HCI at a 
SineSre of 145-C introd^d at a flow rate o?0.95 lit/minute. After purging with steam, 10 
SXnTwitfi horwater purging again with steam.- and pressing the resiaue. there were 
w^ldTs 5 fSerof i^lmion confining 1.32% by weight of reducmg sugare co^^^^^^^ 
taff to a Yield of 22.7 % by weight. The celiuiosic residue had a dry weight of O.iaO kg that 
K yield of 69.4% by weight of the original suaw and a degree of polymensation of 792 

^ hv<S;ivsis treatment of 0.8 kg dry straw as described above using a 0.3 % HCl 

\ ? A^r^ t^^n,.ranire o^^ 145°C and a flow rate of 1.0 lit/m nute. there were collected: a 
aSS'<2nS?lT% r^^^^^^^^^^ by weight, that is a ,^eld of l«J„by -gjt f 

"^^^ 1^^5^feeT7 %l ?a'Sl '2^^^^.^^^.'^ Mrieflu^Sc 20 

ii^e^U^^^^^^ 

JSw^^ 5:0 % lignilll n.S % and others 12.4 % and a degree of polymerisation of 820 
glucose units. 25 



Hi 



S^oTkB of wheat straw was placed in a Teflon cage in an apparatus corapnsing a 3 lit 
Sartor a svsTem to heat up the process water solution, a system to regulate flow and 
reartor, a system lo iicat j^^ HNO, (0.3 % solution) were nuroduced at _ 

» SSrl?f f- SJ atm Ifa ^m^Svitut-e of^ and it a flow rate of 0.48 lit/minute. The 30 
L^tioS kept in d^e reactor was purged with steam . followed by washmg with water at 120 - 
^iS?- FLin nur^nc with steam There were collected 13.6 litres of solution containing 
l^^dS E b7wS which Corresponds to a yield of 22.8 % by weight, and a 
J;2rt,T« of 3 ke d^5 weight. The sugar solution after filtration and stnpping with steam 
« JTremoJe thtforlirS it contained had the composition: xylose 71.2 %, manno«= 1.7 %, 35 
IraSn^e 12 8 %^ucoU 11.0 %, and galactose'^B.I %. This sugar solution to which were 
ISed^he ne Jssa?7r^^^^ was usid in the production o protein by a culture of 
C^Lfl uato. In a%rcle of growth of 16 hrs. there was obtained a yeast yield of 65 % dry 

ttl it^^^T^^Z^^t^^^^^^^^l^^^ in which a solution of sulfuric acid (0.5 %) at a 40 
^ flL^ale ofTsSiJutVwa" used for the hydrolysis..there were obtained 13 5 lures of 
sucar solution containing 1.29 % reducing sugars, by weight or a yield ot 22 6 % by weight 
ind I ^K^Wue of 0 540 kg of dry weight. Under the same conditions of hydrolysis, but 
^ng it 3 % iTutTon of sulfuric Sid. tfere were obtained -Viclds ^ 1«;^ % So' duTsI 45 
^gars and of 70.5 % in celiuiosic residue, having a degree of polymensauon of 830 glucose 



units. 



^O.rkg of wheat straw was placed in apparatus as descried a^ve ^"d prehydn^lysed 
50 using 10 litres of 0.5 HCl solution at a temperature of 140 C. and at a now/f °\ "-f^ 
nZinute. This was followed by purging with steam washmg wia. h^^^^^^ ^ 
and again purging with steam. There were collected from the factor and the pressing ot tne 
residue a totafof 13.6 litres of solution having a concentration of reducing sugars of 1.3 /o, 
bv weieht corresponding to a vield of 20.7 %. The celiuiosic residue had a dry weight of 
55 o'55o"? ihatTsTyleld of 68.8 % by weight based on the ^'ra-. Under tjc s^^^^^^ 

conditions except for the flow rate of the solution which was 0.92 lit/minuic. were obtainca 
v°e"ds of 15 5 ^ of reducing sugars and 74.0 % of celiuiosic residue. A sugar solution 
produced i described abovl was filtered, treated with steam to remove the furfural 't 
KaTncd.^nSSas a nutrient for a culture of Candida utiUs. The oclc of growth was 16 
60 hrs and the yield in dry protein was 64.5 % based on the consumed sugars. 

^biTooaratus as described above was placed O.K kg of dry wheat straw which had been 
panial?y hyXlvLd acceding to Example la by using 13,4 litres ot «he sugar solu ion 
«S SSiISd in Sis fexample la wis used as the processing solution, after its HCl concentration 65 



SO 



55 



60 
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had been adjusted to 0.3 %. The solution at 80 - 85 ""C was quickly heated to 145 and 
introduced at a flow rate of 0.56 lit/hour. Proceeding as described in Example la. there 
were obtained 15 lit of a solution containing 2.28 % reducing sugars, by weight, and a solid 
residue of 0.580 kg dry weight. After recycling twice more the solution containing above 
5 2.28 % reducing sugars, which leaving the exchanger each time at 80 - 85 "C. was heated up 5 
to 145 ^'C, and used for the hydrolysis of 0.8 kg of dry straw, there were finally obtained 20 
litres solution of 4.65% reducing sugars content by weight. The cellulosic residue was 
obtained in yields of 72.2 % and 73.5 %, respectively and both were found to be of the 
desired composition. A quantity of the above concentrated sugar solution was diluted to 2.3 
10 % reducing sugars, filtered, stripped with steam to remove furfural, and was used as a 10 
nutrient for a culture of protein-producing Candida utilis. The cycle of growth was 15 hrs, 
the yield in dry yeast 64.5 % and approximately 90% of the sugars were consumed. 

Example 5 

15 a) In an autoclave of capacity 5 litres, lined with Teflon and equipped with an agitator and 15 
internal cooling coil, were placed 0.5 kg of dry wheat straw and 4 litres of 0,5 % HCl 
solution. The whole was heated, with stirring, to 130 *'C in 20 minutes kept at that 
temperature for 20 minutes with stirring, and then cooled quickly. The product of the 
autoclave was drained from the solution and the solid part was washed with 2 litres of hot 

20 water at 60 - 70 *'C, drained again and then pressed at 25 kg/cm^. In total, 5.5 litres of 20 
solution containing 2.0 % reducing sugars, bv weight, were collected representing a 
hydrolysis yield of 21 % and 0.355 kg of dry cellulose residue, that is, 70.0 % of the original 
straw, by weight. The solution had the composition : xylose 74.3%, mannose 5.2%, 
arabinose 11.8%, glucose 5.9%, galactose 2.9%, by weight, and furfural 0.13 gr/Iitres. 

25 b) In the above autoclave were placed 0.8 kg of straw and 4 litres of 0.3 % HCl solution. 25 
The whole was heated up to 135 °C in 20 minutes and kept at that temperature for 20 more 
minutes. The product was pressed at 25 kg/cm- to produce, in total, 3.5 lit. of solution 
containing 3.2 % of simple reducing sugars (represcntmg a yield in hvdrolvsis of 16 %); The 
pressed product was washed with 4 htres of hot water (70 **C), with stirring and pressed at 25 

30 kg/m-. 3.6 litres of dilute sugar solution were obtained which contained 0,9 % of simple 30 
reducing sugars. 

c) In accordance with a treatment as described above, the autoclave was charged with 0.8 
kg of dry straw and the 3.6 lit. of dilute sigar solution of Example 5b, after adding 0.5 lit. of 
water, and hydrochloric acid solution so that the process solution contained 0.3 % HCl by 

35 weight. After heat processing at 135 as described above, the product was pressed at 25 35 
kg/m- producing 3.6 litres of sugar solution with 4.25 % reducing sugars (hvdrolysis 16 %). 
The solid residue was washed with 4 litres of hot water (70 **C) with stirring, and was pressed 
again at 25 kg/m^ to produce 3.8 litres dilute sugar solution containing 1.00 % simple 
reducing sugars. This dilute solution after recycling gave concentrated sugar solutions. 

40 " ^ 40 

Example 6 

Using the autoclave of Example 5, a scries of hydrolysis runs were performed using 0.5 kg 
of dry wheat straw, each time under different processing conditions, with the following 
results: 

45 a) The hydrolysis treatment was performed using 4 litres of 0.5 % H2SO4 at 130 X, 45 
according to a procedure of heating up to 130 'C in 20 minutes and 'keeping at that 
temperature for 60 minutes with stirrfng. After draining the solution, washing and' pressing 
the solid residue, there were obtained 5.65 litres of a solution with 2.05 % reducing sugars, 
by weight, and a solid product of 0.330 kg, dry weight, having a nioisture content of 40 - 45 

50 by weight. Processmg as described in Example 6a in all respects except for the catalytic 50 
strength of the solution, which was reduced to 0.3 % in H2SO4, gave a .solution containing 
1.30 % reducing sugars and a cellulosic residue having a dry weight of 0.352 kg, and a 
moisture content of 45 - 50 by weight. A quantity of the above sugar solutions 
containing 1.8 ^ of reducing sugars! was used as nutrient in the production of a microbe 

55 culture which produced protein. The cycle of growth was 18 hrs and the yield in dry veast 55 
was 61 % based on the consumed sugars of which 87 % were utilised. 

b) The hydrolysis treatment was performed using 4 litres of 0.5 % HCIO4 solution but in 
all other respects according to Example 6a). There were obtained 5.63 litres of sugar 
solution containing 2.03 % reducing sugars and 0.350 kg of dry cellulosic residue having a 

60 moisture content of 40 • 45 9c, by weight, and a degree of poivmerisation of 825 glucose 
units. 

c) The prehydrolysis treatment was performed using 4 litres of a 0.35 % HNO3 solution but 
in all other respects in accordance to Example 6a). There were obtained 5.6 litres of 
solution containing 2.08 % reducing sugars and a cellulosic residue having a dry w ight of 

65 0.340 kg. a moisture content of 50 9c. ^bv weight, and a degree of poivmerisation of 810 65 
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of 825 ^ucose units. 

^taTo lach of 5 flasks of 5 litres capacitv. with reflux condesers. designated as L II. HI- IV, 
» v'wer?pu2dS1\g of wheat ^0 
con^n^tionofca^l^^^^ 

M- rV HC I O4 0.5 J^'f "f* ; "f e ' ^here ^he numbers 2 and 3 indicate the hours of 
??aSS^hS:?he iLk'en^'\5?examrned^^^^ sugar -tent ^om whi,, it .as 

ii «SleS?h2 the Jegree of hydrolysis, based on the i-na^^traw {%) was. 
- TO acz. iw> 7 3% III-2 16.7% lV-2 17.1% v-^ i/.y/r 

followine conditions and with the following results: 

35 and pressing tne ^/[^ ^ y:^,^ of 21 6 % , and a ce u osic residue havmg a dry 

Sfa&« io.^^?T^111u^ar'Sion'tr^^^^ for ^ growth of protein- ^ 

Kvof kl otri^sfraw' were treated for partial hydrolysis using 4 litres of 1 3 % HCl 
Siurion It ICm ^ After boiling for 2 hours, the yield of reducing sugars was 21.0 %_bascd 

cxtractables 11.1%. The sugar solution examined was found to be very smtat>ic ror 
■i* fermentation by proiein-produang microorganisms. r i c r/ u en ir i(M)°r 

• ^n^Vo ni M^^ (dTw weieht) were hydrolvsed usmg 4 litres of 1.5 ^/r H.SO., at lUl) U 

content of that residue was 50.8 %. by weight. 

^InTn'autodave of 5 litres capacity were. charged 0.8 "^i P";^!?^'^^ 

by a hydrolysis which resulted in a 18% yield m sugars: Bcamp'es , ''"f, ^Hogethcr wun^ 

liires pulping solution having the composition : 0.120 kg Na^SO, and ^ 

for the production of an alkaline sulfite pulp. The prehydrolyzed f ^1 'haiThe puS was 

plates having holes for the circulation of the solution. « V k ...^/^'in ^ hoLr^ to 160 "C 60 

60 pcrmancntlv^fullv covered with solution. The whole was then h^ajcd m 2 houR w OU 
and kept for 6 further hours at this temperature. After cooling. ^.^.^ P"'PJ;*^,f .Cf S 
washed^with excess water, and then subjected to beating /^.f^^P^^f^^,^^^^^^^ 
was then passed through a diaphragm to separate the "np~«=«f^^^,P/'"V ^P'S 
by weieht which after coUeaion were recycled. The pulp ^''^obtmncd n a y^^ 

65 based on the initial straw or a yield of 59 % based on the prehydrolysed .straw and haa a w 



30 



35 



BNSOOCtO: <GB ise9i38A_l.> 



10 



1 569 138 



10 



permanganate number of 15.0 corresponding to a lignin content of 3.6 %, by weight. After 
testing, the pulp was found to have very good mechanical and paper making properties. The 

E reduction of pulp according to the above, but with heating to 150 °C within 2 hrs and 
eeping at that temperature for 8 hrs, gave a pulp of very satisfactory paper making 
5 prop>erties at a yield of 43.2 % and having a permanganate number of 17.0 corresponding to 5 
a lignin content of 4.2 %, by weight. 

The pulps of the above quality are self sufficient to make paper of satisfactory properties. 
By increasing or decreasing the amount of chemicals and temperature and time of 

6 recessing, there are obtained pulps containing higher or lower than optimum quantities of 
gnin and consequently in higher or lower yields. These qualities are not always self 10 
sufficient, but after mixing produce paper of satisfactory quality. In general, self sufficient 
. quantities of pulp prepared as above have a permanganate number of 10 - 20, that is, 
contain lignin in quantities of 2 - 5 %. The alkaline sulfite pulps obtained according to the 
above procedure are usually of good colour quality. To improve the colour quality they are 
15 decolorised with calcium hypochlorite, for example at 30 °C for 2 hours, in a solution 15 
containing 9.0 % of chlorine, by weight. This treatment results in a pulp of excellent colour 
and having very satisfactorypaper making properties, with a weight loss of only 3.0 % 
(based on the initial straw). Tne pulps of the above type mixed with 10 - 15 % by weight of 
mechanical wood pulp, give a product for paper of improved writing propenies. 

Example 10 

In the autoclave of 5 litres capacity used in Example 9 were placed 0.8 kg of 
prehydrolysed straw having a moisture content of 50% (produced by a hydrolysis resulting 
m a 16% yield of sugars) between two plates having holes and subjected to kraft pulping 

25 using 4 litres of solution having the composition : 0.110 kg NaOH and 0.05 kg of Na2S, by 25 
heating at 160*^0 for 3 hours. After cooling, the pulp v7as separated from the solution, 
washed with excess of water, and beaten in a mill to separate the fibres. It was then passed 
through a diaphragm to separate the unprocessed parts, representing 5 % by weight, which 
were collected and recycled. A pulp of the kraft type was obtained in a yield of 42 %. based 

30 on the initial straw, or 55.0 9t based on the prehydrolysed straw, having a permanganate 30 
number of 14.0 corresponding to a lignin content of 2.5 Vc by weight based on the pulp. The 
pulp had a satisfactory colour and good mechanical properties, with characteristics of a 
kraft type wood pulp. A treatment as described above, but with heating to 145X for 5 
hours, gave a pulp having satisfactory properties as above with a permanganate number of 

35 16.5 corresponding to a lignin content of 4.0 %, by weight, based on the pulp, 35 
Pulps of satisfactory kraft characteristics obtained from the treatment as described above 
are those having a permanganate number of between 10 to 20 which correspond to a lignin 
content of 2 - o % by weight, based on the dry pulp. Smaller or greater quantities of 
chemicals and longer or shorter times of processing than normal, give pulps which cannot 

40 produce good quality paper, in either lower or higHer yields depending on now low or high 40 
IS the amount of lignin present. Those having a low content in lignin are suitable for the 
production of regenerated cellulose whereas those having a high content in lignin are good 
for wrapping and packaging. To improve the colour of the good quality pulps they are 
decolorised using a solution'of calcium hypochlorite. With 70 gr of chlorine per kg dry pulp 

45 in the decolorising solution and treatment at 30 **C for 2 hrs, there are obtained pulps of 45 
satisfactory colour Quality. The decolorising causes a weight loss in the pulp of 2.2 % by 
weight (based on the initial straw). 

Example II 

50 In the autoclave used in Example 9 was placed successively 0.8 kg of dry weight 50 
prehydrolysed straw which was subjected to kraft pulping with processing solutions, where 
the Na2S and NaOH are panially replaced by Na2S03. fn four such runs, the effect of the 
degree'of substitution by Na2SO:, on the yield and the quality of the pulp was examined. 
The following solutions and conditions of treatment were used: 

55 a) A solution of Na.SO.^ 0.040 kg, Na^S 0.112 kg and NaOH of 0.233 kg. per kg of dry 55 
pulp, processing at 160 °C for 3 hours. 

b) A solution of NazSOs 0.080 kg, NaaS 0.100 kg and NaOH 0.205 kg, per kg of dry 
pulp and processing at 160 ®C for 3.5 hrs. 

c) A solution of Na2S03 0. 120 kg. Na2S 0.088 kg and NaOH 0.177 kg. per kg of dry pulp, ^ ^ 

60 processing at 160 ^^C for 4 hours. J^Sti 

Progressing from a-^c the pulps obtained showed a yield improvement of from 42 to 44 Jr. 
% andalso a colour improvement- There was observed in the results obtained from a— ►c, a 
progressing change in the kraft charaaeristics. The lignin content was in a) 4.8 % and in c) 
2.5 % by weight. All these pulps were of satisfactory mechanical and paper making 
65 propenies. 65 
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. Example 12 

A flask of 5 litres capacity was used which was equipped with a stirrer, a system for 
introducing chlorine external cooling with running water. Into this flask was placed 0.4 kg . 
f prehydrolysed straw (dry weight) obtained by a hydrolysis which resulted in a 23 % yield 
rS by weight of sugars. The prehydrolysed straw had a moisture content of 5 % by weight. 5 

- After slow and careful agitation, the mass became homogeneous and then chlorine gas was 
introduced at a flow rate of 2 litres/minute and at a constant temperature of 30 °C, After 10 
minutes of chlorine flow, the prehydrolysed straw had become homogeneously pink in 
colour. An absorption of 0.35 kg of CU per kg of dry pulp was recorded. To complete the 

QO; diiorination^ the mixture was agitated for 60 minutes and after this, it was poured into 10 10 
^litres of water. The solid residue was drained and washed with a 3 % NaOH solution, 
followed by water washing until it was neutral. The pulp was thus delignified to the right 
extent and was of a quality suitable for use. It was obtained in a yield of 48 - 51 % by weight 
• ^based on the initial straw, and had a lignin content of 4.3 % by weight. The colour of the 
215 pulp was very satisfactory but after a mild decoloration treatment, improved further. The 15 
-weight loss on decoloration was 3 % by weight, based on the initial straw. By changing the 
quantity of absorbed chlorine, by 20 %, the lignin content was further lowered by 50 - 60 % 
and the yield dropped by 2 - 2.5 %. On the other hand, by reduction of the absorbed 
'[ ^chlorine by 20 %, the lignin content was further increased by'lOO - 150 ^/c and the yield in 
^■)--.j)ulp increased by 2 - 3 % units. With the above examples it is shown that delignification 20 
^ ^tn chlorine is a special treatment for pulping the prehydrolysed straw of this invention 
:; and that the improved results in quality and in yield of pulp are determined by treatment 
conditions which are narrowly deflned. 

35:- ' Example 13 25 
Prehydrolysed straw resulting from a hydrolysis which produced a yield of less than 23 % 
of sugars was successfully used in the production of pulp under the following conditions: 
a) Prehydrolysed straw, resulting from a hydrolysis which produced a yield of 19% of 
sugars was pulped according to Example 9 with an alkaline sulfite solution to give a pulp 

*3D' which, after decolorising, was obtained in a yield of 41.5 % based on the initial straw. This 30 

- pulp had satisfactory paper making properties. 

.. o) Prehydrolysed straw resulting from a hydroylsis which produced a yield of 15.6 % of 
sugars was pulped according to Example 10. to kraft pulp. A pulp of satisfactory colour and 
mechanical properties containing 2.6 % lignin was obtained. After mild decolorising, it was 
"35^. shown to be suitable for making paper^of good quality. 35 

Example 14 

a) The cellulosic residue from prehydrolysis treatment of alfalfa grass of Example 8c. was 
milped to produce a kraft pulp according to Example 10 at a temperature of 150 ''C for 4 
^40. nours. The resulting pulp was drained, washed with excess water, beaten in a mill, and in 40 
~ the form of a dilute solution, passed through a diaphragm to separate the unprocessed 
^material. The pulp thus obtained wa,s of satisfactory colour, containing 3.2 % lignin by 
weight and, after decolorising, was found to be a good material for manufacturing 
|: regenerated cellulose . 

c49^ b) The cellulosic residue obtained from the prehydrolysis treatment of barley straw 45 
j: described in Example 8a was pulped to produce a sulfite pulp according to Example 9, 
'» After mild decolorising, the pulp was obtained in a yield of 40 9r based on the initial straw, 
^. having a lignin content of 1.5% and satisfactory' paper making properties. 

c) The cellulosic residue of the prehydrolysis treatment of rice pulp of Example 8b was 
«*50 pulped with chlorine as described in Example 12 to an uptake of chlorine of 0.30 kg/kg dry 50 
pulp. After washing successively with water, 1 - 3 9r sodium hydroxide solution, and again 
water to neutralise it, and after mild decolorising a pulp of excellent colour quality was 
obtained. The pulp had a content of 1.4 % iigninT by weight, and was suitable for making 
• paper of excellent quality. 
55" What we claim IS: 55 

1. A process for the production of monosaccharides and a cellulosic-rich material which 
comprises subjecting straw for 10 - 180 minutes to a selective pre-hydrolysis treatment in the 
presence of one or more acid catalysts at a temperature of from 100 to l6nT under pressure 
until the easily hydrolysable constituents of the .straw such as pentosans, starch and 

60 hemicelluloses are converted substantially into monosacchridcs in. a yield representing 60 
15-23 7o by weight of the straw, and untifa residue rich in cellulose is obtained in a yield 
representing 68-76 % by weight of the straw, said residue being suitable for processing to 
chemical pulp and to pure cellulose. 

2. A process as claimed in claim 1 wherein the straw is a cereal straw which after the 

65 prehydrolysis treatment produces fermentable sugars together with a material rich in 65 



BNSOOCIO: <G8 l5e913aA_l.» 



12 



1 569 138 



12 



cellulose suitable for the production of chemical pulp and of pure cellulose. 

3. A process as claimed in claim 2 wherein the cellulosic residue has a content of 52 - 58 
% by weight aipha-cellulose and the acid catalyst is an inorganic or organic add. 

4. A process as claimed in any of claims 1 to 3 wherein the catalyst is selected from at 
least one of the following: HnS04, sulphurous add. HCl, HNOi. H^POa, HCIO4, 5 
CICH2COOH or /7-CH3-C6H4-SO3H. 

5. A process as claimed in claim 4 wherein the catalyst is used at a concentration of 0. 1 - 
1 % by weight based on the total add solution. 

6. A process as claimed in any of claims 1 to 5 wherein the cellulosic residue, after the 

10 prehydrolysis treatment, is washed with water and/or with a 1 - 3 % by weight sodium 10 
nydroxide solution and thereafter is compressed to a product having a mo'isture content of 
40 - 50 % by weight. 

7. A process a claimed in claim 6 wherein the solution obtained after hydrolysis and the 
washing solution and the solution obtained after compression are mixed to form a solution 

15 having a concentration of 1.2 - 5.0 % by weight in sugars, which after adjusting to the 15 
original catalytic strength is recycled as a whole or partly" as hydrolysis solution until a final 
concentration of 6 - 8 % by weight in sugars, is obtained and 90 • 95 % of the sugars in the 
final concentrated solution are monosaccharides. 

8. A process as claimed in any of claims 3 to 7 wherein the composition of the sugar in 

20 the hydrolysis solution is: xylose 67 - 75 %, mannose 1.2 - 5.0 %, arabinose 10 - 18 %, 20 
glucose 5 - 12 %, galactose 2 - 4 %, and the cellulosic residue composition is: 
alpha-cellulose 52 -54 %, hemicelluloses 11 - 13 %, lignin 21 - 23 %, extractables 10 - 13 %, 
and ash 5 - 6 %. all the percentages being by weight, and a degree of polymerisation of 790 - 
830 glucose units. ' 

25 9. A process for the production of chemical pulp wherein the cellulosic residue obtained 25 
in a process as claimed in any of claims 1 to 8 in which the yield of sugars was 17 - 20 % by 
weight, is treated with an alkaline solution of sulfite salts, and then heated within two hours 
up to 150 - IWC and maintained at that temperature for 5 - 6 hours. 

10. A process as claimed in claim 9 wherein the alkaline solution of sulfite salts contain 

30 225 kg NaoSO.! and 8.5 kg NaOH per ton of dry pulp. 30 

11. A process for the production of kraft pulp wherein the cellulosic residue obtained in 
a process as claimed in any of claims 1 to 8 in which the yield of sugars was 15 - 19 % by 
weight, is treated with a kraft pulping solution containing Na2S and NaOH and with a 
pulping solution in which Na2S and NaOH are partially replaced by Na2S03, and then 

35 heated up to 150 - 160 ''C and maintained at that temperature for 4 - 6 hours. 35 

12. A process as claimed in claim 1 1 wherein the kraft pulping solution contains 125 kg 
Na^S and 260 kg NaOH per ton of dry pulp. 

13. A process as claimed in claim 11 or 12 wherein the pulping chemicals Na2S and 
NaOH are partially replaced by Na2S03 in a quantity of 0.1 to 30 % by weight. 

40 14. A process as claimed in any of claims 1 to 8 wherein the cellulosic residue of straw 40 
prehydrolysis after hydrolysis to 20 - 23 % by weight in sugars, is treated with chlorine in a 
horizontal slow rotating reactor or a slowly agitated reactor of the vertical type, until up to 
20 % by weight of chlorine based on the prehydrolysis residue treated is absorbed, and is 
subsequently washed with water and alkaline solution until neutral. 

45 15. A process for the production of chlorine pulp wherein the residue obtained in a 45 
process as claimed in any of claims 1 to 8 is washed with a 1 - 3 % by weight solution of 
NaOH before pulping in order to obtain a pulp of improved colour quality. 

16. A process as claimed in any of claims 1 to 15 wherein the pulp is decolorised with 
calcium hypochlorite in a mild treatment resulting in a weight loss of only 2 - 3 % by weight. 

50 17. A process as claimed in any of claims 1 to 16"wherein alfalfa or rice straw is 50 
subjected to the prehydrolysis treatment for the production of a cellulosic residue. 

18. A process as claimed in any of claims 1 to 17 wherein in the prehydrolysis there are 
obtained monosaccharides in quantities of from 15 % to 23 %. pulp up to 51 % and lignin 
up to 13 % by weight, based on the initial straw. 

55 19. A process as claimed in claim 1 substantially as described with specific reference to 55 
any one of the Examples. 
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